. Distance restraints between spin labels used in homology modeling (related to Figure 3 ). The ten core transmembrane domains (cTMs) are numbered as in LeuT (Yamashita et al., 2005) . Accordingly, TM2 of PutP corresponds to cTM1 in LeuT. Additional peripheral TMs (N-terminal: -1; C-terminal: 11 and 12) are colored in grey. The five cTM repeats related by a pseudo-two-fold symmetry axis are overlapped by a yellow and green triangle, respectively. TMs corresponding in the two repeats are highlighted in the same color. Spectra were measured in the ligand-free (apo) state (black, solid), in the presence of 50 mM NaCl (gray), and with 50 mM NaCl and 10 mM proline (black, dotted). All spectra are characterized by the presence of at least two spectral components characterized by different mobilities (a more mobile one and a more immobile one, indicated by the letters m and i, respectively, in the spectrum for PutP-A294R1). The magnetic field scale is indicated in the bottom right corner.
R1 refers to

Figure S3. Q-band DEER measurements on doubly-MTSSL-labeled PutP variants (related to Figure 2).
Spectra of MTSSL-labeled PutP-R1 50 /R1 304 , PutP-R1 91 /R1 371 , PutP-R1 190 /R1 371 , and PutP-R1 149 /R1 450 were measured in the ligand-free state (apo, black line), in the presence of 50 mM NaCl (Na, blue line), and with 50 mM NaCl and 10 mM proline (Na/P, red line). Shown are the normalized primary DEER data (left column) with background fits (dashed black lines), form factors after background correction scaled to the same modulation depth (middle column), and distance distributions computed by Tikhonov regularization with regularization factor of 10 (right column). Data were analyzed with DeerAnalysis.
SUPPLEMENTAL EXPERIMENTAL PROCEDURES
Details on Spin Labeling of PutP
The single-or double-Cys PutP variants were labeled with (1-oxyl-2,2,5,5-tetramethylpyrroline-3-methyl)-methanethiosulfonate (MTSSL; Toronto Research Chemicals, Toronto, Canada) on the Ni-nitrilotriacetic acid chromatography column. For this purpose, 1 mM MTSSL in buffer W (50 mM KP i , pH 8.0, 300 mM KCl, 10 mM imidazole, 10% glycerol (v/v), 0.04% β-D-dodecylmaltoside (w/v)) was applied to the column and incubated at 4°C for 3 h. The unbound label was removed by washing the column with buffer W, and the labeled protein was eluted with 200 mM imidazole in buffer W.
The protein was reconstituted under non-reducing conditions into liposomes composed of E. coli lipids (67% phosphatidylethanolamine, 23.2% phosphatidyl-glycerol, and 9.8% cardiolipin; Avanti Polar Lipids, Alabaster, AL) at a lipid/protein ratio of 20:1 (single Cys PutP derivatives) or 40:1 (double-Cys PutP derivatives) (w/w) as previously described (Jung et al., 1998) . Finally, the proteoliposomes were washed twice with 50 mM Tris/HCl, pH 7.5 and stored in liquid nitrogen until use.
Details on cw EPR Spectroscopy
To determine the influence of the ligands on the EPR spectra, after thawing the respective proteoliposomes were supplemented with 50 mM NaCl or 50 mM NaCl and 10 mM proline, incubated over night at 4°C, centrifuged and resuspended in the appropriate buffer to yield a PutP concentration of 100 -250 µM. As negative control, measurements were also performed in the presence of 50 mM KCl or 50 mM KCl and 10 mM proline.
Accessibilities were determined for the collision reagents gaseous oxygen and NiEDDA (Ni(II)ethylenediamine diacetate) by the EPR power saturation method (Altenbach et al., 2005) . The sample (6.3 µl) was filled into gas permeable TPX (Polymethylpenten) capillaries (Rototec Spintec GmbH, Biebesheim, Germany) and the EPR spectra were recorded using a homebuilt cw EPR spectrometer equipped with a loop gap resonator. The B-field modulation was set to 0.15 mT and the applied microwave power was varied in the range from 0.1 to 50 mW. For reference measurements the sample was deoxygenated by fluxing the resonator permanently with nitrogen gas to determine the saturation behaviour in the absence of any exchange reagents. In order to obtain the accessibilities for the hydrophobic oxygen molecule, nitrogen was replaced by 100% O 2 and the samples equilibrated before recording the EPR spectra. For determination of the spin label side chain accessibility from the aqueous phase NiEDDA with a final concentration of 20 mM was used and during the measurements a nitrogen gas flux was applied. Before each experiment the sample was fluxed with the respective gas for at least 30 min. Heisenberg exchange frequencies, W ex , were calculated using the program powerfit written by Martin Kühn (Kühn, 2003) . A spin label at a water- 
Details on Interfacing Modeller and MMM
The structure of the template in PDB format and a sequence alignment file in Modeller format (.ali) (Sali and Blundell, 1993) are read into MMM. To implement the distance restraints, possible spin label conformations are computed for residues that are both labeled and aligned in the template structure using the rotamer library approach in MMM (Polyhach et al., 2011) .
The rotamer whose N-O bond midpoint best matches the mean N-O midpoint coordinates of the whole conformational ensemble is assigned as the canonical rotamer, attached to the template structure, and defined as a rigid body in the Modeller Python input script that is automatically generated by MMM. Distance restraints are defined between pseudo-atoms located at the N-O bond midpoints of the two labels with an artificially small standard deviation of 0.04 Å in order to force their fulfillment. Note that the standard deviation corresponds to energy of a harmonic restraining potential for constraints. In each modeling run, 200 models were generated and those with a GA341 score (Eswar et al., 2008) of less than 0.75 were rejected. These parameters are adjustable. Out of the remaining models the ten models with the best DOPE score (Shen and Sali, 2006) were imported. Spin-label side chains were replaced by native side chains and all side chains repacked with SCWRL4 (Krivov et al., 2009) , which is also automatically called from MMM.
Details on the Membrane Model
An initial approximate orientation of the membrane normal was determined by least-square superposition of the core TM residue backbone atoms of the most likely PutP model onto corresponding atoms of LeuT structure PDB:2A65 (root mean square deviation 5.52 Å), assuming that the C 2 axis of the LeuT dimer coincides with the membrane normal. The membrane model is defined by the central plane coordinate z c along the membrane normal and a bilayer thickness d. Accessibility of residues was determined by computing the solvent accessible surface of the protein with the MSMS program (Sanner et al., 1996) . To compute the Gibbs free energy for a given membrane model residue propensities for insertion into a bilayer according to (Adamian et al., 2005) were multiplied with the accessibility and summed. Residues with Cα coordinates z Cα in the range z c ±d/4 were assigned as bilayer core residues and residues with d/4 < | z Cα | < d /2 as head group layer residues. The central plane coordinate z c and bilayer thickness d (25.7 Å) were determined by free energy minimization.
This approach is implemented in the open-source software MMM (Jeschke and Polyhach, 2007) . For visualizations shown in this work, only the orientation of the membrane normal is derived from this computation.
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